The dimensions and maximum wall tension capacity of segments of human pial arteries from normotensive obese and non-obese patients were compared. DESIGN: Segment size was assessed by quantitative morphometry of ®xed sections and wall force by in vitro myography. SUBJECTS: Twenty normotensive non-obese and 13 normotensive obese humans body mass index (BMI) 22.4 AE 0.5 and 33.9 AE 1.7 kgam 2 , respectively) were studied. RESULTS: There was no signi®cant difference in the perimeter of the outer medial border, the smoothed out length of the internal elastic lamina, the ratios of media thickness to area and lumen diameter and the maximum wall force development between the two groups. CONCLUSION: Obesity per se is not associated with initial dimensional changes nor capacity to develop wall tension that might lead to the emergence of hypertension.
Introduction
Obesity is well recognized as a risk factor in the development of hypertension.
1,2 Many studies have shown that weight loss is often associated with a fall in blood pressure. 3, 4 However, the basis of the association is unclear. Hypotheses include changes in insulin sensitivity 5 possibly involving leptins, 6 circulatory parameters, 7 sympathetic activity 8 and kidney function. 9 Hypertension is associated with changes in the size, structure and function of resistance arteries. 10 Pial arteries obtained from human hypertensive patients are thicker but show no signi®cant changes in diameter or in their ability to develop force per unit length Ð tension. Changes in the intact circulation of normotensive obese subjects include alterations in vascular diameter, compliance 11 and¯ow-dependent dilation. 12 There have been no in vitro studies.
The purpose of the present experiments was to determine whether there is evidence for changes in the dimensions and maximum wall tension development capacity of segments of human pial arteries 200 ± 1000 mm i.d. from normotensive, obese patients compared to normotensive non-obese. Changes associated with obesity might precede the development of hypertension.
This study was approved by the Ethical Committee of the University of Vermont and conforms with the principles of the Declaration of Helsinki.
Methods
Human arterial segments (PA) were obtained from healthy cerebral cortex removed during neurosurgical procedures. The patients selected for this study were normotensive and clinically free of cardiovascular and metabolic disease and were aged 15 ± 73 y. Tissues were studied either on the same day of removal or stored for 24 h at refrigerator temperature in modi®ed Krebs physiological solution (PSS) (composition in mM: NaCl, 130; KCl, 4.7; CaCl 2 , 1.6; KH 2 PO 4 , 1.18; MgSO 4 , 1.17; NaHCO 3 , 14.9; EDTA, 0.026; dextrose, 11.0) containing deferoxamine (100 mM), and also heparin (10 Uaml), penicillin (50 Uaml) and streptomycin (50 mgaml).
Segments, 3 mm long were mounted for in vitro study of isometric contraction in a resistance artery myograph 13 in PSS without antibiotics. Changes in isometric force were recorded on a Soltec model 220 strip chart recorder. The active tension ± length relationship was determined for each segment. The optimum preload was used to determine the maximum force development to the addition of K (127 mM) plus arginine vasopressin (10 76 M). Adjacent arterial segments were immersion ®xed in 2.5% glutaraldehyde and 2% paraformaldehyde in 0.1 molal phosphate buffer, pH 7.4, dehydrated, embedded and visually set at right angles to the sectioning knife. Transverse sections of 1.3 mm thickness were stained with Toluidine blue-Basic fuchsin. For quantitative morphometry, sections were viewed under a Nikon Optiphot biological microscope with an attached Drawing Device. A Sigma-Scan measurement system was used to measure the perimeter of the outer media border and the smoothed out length of the undulating internal elastic lamina. From these values media area and mean media thickness were obtained. Lumen diameter was obtained from the internal circumference. The relationship between parameters was evaluated using a linear regression analysis of the data using Statview
1
. A probability value of`0.05 was accepted as signi®cant.
Results
There is a close linear relationship between the morphometrically derived`smoothed out' internal diameter and the internal diameter of segments mounted in a myograph, and the external diameter of a segment immersed in PSS measured using a dissecting microscope (P 0.0001). 14 The age (y), body mass index (BMI; kgam 2 ) and internal diameter (mm) of the segments from the non-obese were 45.7 AE 4.1, 22.4 AE 0.5 and 565 AE 38, and for the obese 40.2 AE 4.6, 33.9 AE 1.7 and 544 AE 4.6. Blood pressures of all patients were less than 140a90 mmHg. In Table 1 are shown morphometric and functional data for the two groups. In no instance was there any signi®cant difference between the parameters. The slopes of the regression lines between media thickness, the ratio of media thickness to lumen diameter and forceacross sectional area (stress) to lumen diameter are not different. The ratio of media thickness to lumen diameter does not vary with age nor with the BMI.
There were numerical trends toward a decrease in the dimensions and force-generating capacity of the pial arteries from the obese compared to the non-obese patients. It is of interest, however, that these trends are opposite to those described in hypertension. 10 In the normotensive, obese patients whole bed compliance is decreased and the diameter increased.
11 However, arterial wall compliance is dif®cult to assess in vitro.
Responses of the vasculature to changes in circulatory volume that have been observed in obesity 1 are more likely to be re¯ected in the capacitance vessels rather than the resistance arteries.
The question can be raised concerning the relevance of these studies on human brain resistance arteries to those in other regional vascular beds. The answer to this is dif®cult since these arteries have functional characteristics that are somewhat atypical.
Conclusion
Our experimental ®ndings are strongly suggestive that obesity per se is not associated with initial dimensional changes nor capacity to develop wall tension of human pial arteries, types of changes that could be responsible for the emergence of a hypertensive state. Obesity and human pial arteries JA Bevan et al
